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Abstract 

The axion decay into electron-positron pair a — > e^e^ is studied in an external 
magnetic field in KSVZ-model where axions have only induced coupling to leptons. 
The axion lifetime in the field decreases with energy and field strength to seconds. 
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Peccei-Quinn {PQ) symmetry Upq{1) |Tj, with its accompanying axion 
continues to be an attractive solution to the strong CP problem in QCD. At 
present axions are of great interest not only in theoretical aspects of elementary 
particle physics, but in some astrophysical and cosmological applications as 
well [^, g, 1^. Although the original axion is excluded experimentally, modified 
PQ models with very light and very weakly coupled, so called, invisible axions 
are still tenable (see, for example the recent review 0). Invisible axion models 
are classified into two types depending on whether or not they have direct 
couplings to leptons. The, so called, KSVZ axions []7| are hadronic axions with 
only induced couphng to leptons. The, so called, DFSZ axions [||, arise in 
models where axions couple to leptons already at tree level. 

In this paper we analyze the influence of an external magnetic field on the 
axion decay into electron-positron pair via a photon intermediate state a -^ 
7 -^ e^e^ in KSVZ model. The lagrangian describing the effective axion- 
photon coupling is: 

Qaj is a constant with the dimension (energy)^^] A^ is the 4-potential of the 
quantized electromagnetic field, F is the dual external field tensor. In the 
second order of the perturbation theory a matrix element can be presented in 
the form: 



S = -^^ jd'x {i:{x)hi,{a:)) e-<'^ (2) 



K = {qFG{q))a = q^F^,G{q) 



i^ai 



where e > is the elementary charge; ip{x) is the known solution of the Dirac 
equation in a magnetic field; Qa is the 4-momentum of the decaying axion; Gap 
is the photon propagator in the field. It is convenient to use the expression for 
the propagator in a diagonal form 



Gc,= e|5^T3^. ^€'=S^.(l^'?■ (3) 



Here the basis vectors b}^' are the eigenvectors of the photon polarization tensor, 
se*^"^) are the eigenvalues. Notice that only the basis vector b^^^^ = {qF)a gives a 
contribution to the decay. 

Here we present the results of our calculations for the axion lifetime in the 
limiting case E^ sin^ 9 ^ eB (Ea is the energy of the decaying axion; 9 is the 
angle between the vectors of the magnetic field strength B and the momentum 
of the axion g), when electron and positron are born in the states corresponding 
to the highest Landau levels. In this case the eigenvalue ae^^^ is described by 
the expression: 



8e(2) ^ ' ^^^^^ ^3^ a{l- iVs) {e\FFqf'\ (4) 

To obtain the decay probability one has to carry out a non-trivial integration 
over the phase space of the electron-positron pair taking their specific kine- 
matics in the magnetic field into account. The result can be presented in the 
form: 



VK ~ 2, 46 • 10^ gl^ {eBfl^ El'^ sin^/^ 9. 
The corresponding expression for the axion lifetime is: 



For comparison let us present here the expression for the axion lifetime in 
vacuum 



'-<-"~"-«"(iS^)(^)(T5&)- '"> 
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